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There are three ways to reduce carbon dioxide 
emissions:!

1) Efficiency/conservation!

2) Non-fossil fuel energy              
!(renewables and nuclear)!

3) Carbon capture and storage!
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Most Emissions Come from Relatively Few Sources 

Source: IEA and AllianceBernstein 
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 In 2005, 150 stationary sources emitted as much  
CO2 as the global car fleet 

 The largest 1,000 stationary sources account for  
31% of global CO2 emissions 

 260 are in the US and 240 are in China 

 875 are power-generating plants 
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 In 2005, 150 stationary sources emitted as much  
CO2 as the global car fleet 

 The largest 1,000 stationary sources account for  
31% of global CO2 emissions 

 260 are in the US and 240 are in China 

 875 are power-generating plants 

 Fewer than 8,000 stationary sources emit 50%  
of man-made CO2 
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What about wind and solar?  Why canʼt 
we simply replace all the existing 
power generation facilities with 
renewable sources?!

• Industrial uses of energy that will be very 
difficult to replace with electricity!

• intermittency of wind and solar!
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Grid	  CongesCon	  
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Capture of CO2	




In	  2008,	  U.S.	  Electricity	  came	  from:	  

Coal	   	   	   	   	  (1,994	  TerawaX	  hours	  
	   	   	  equivalent	  to	  15	  tcf	  of	  natural	  gas)	  

Natural	  Gas	   	   	   	  (877	  TerawaX	  hours	  –	  6.66	  tcf)	  
	   	   	   	   	   	  	  

Nuclear	   	   	   	  (806	  TerawaX	  hours)	  

Hydroelectric	   	   	   	  (248	  TerawaX	  hours)	  

Other	  renewables	   	   	  (123	  TerawaX	  hours)	  

Petroleum	   	   	   	  (31	  TerawaX	  hours)	  



Carbon capture and storage (CCS) is an essential 
part of a low-carbon energy economy, mostly for 
dispatchable, intermittent power generation, fuel 
production, fertilizer production, and other 
industrial processes.!

Retrofitting most existing coal plants in the U.S. is 
highly unlikely, as many are too old and inefficient.  
CCS is not an excuse to keep operating our 
existing coal plants.!

Polygeneration with pre-combustion capture is an 
excellent way to make CCS affordable by 
allocating capital in a more efficient manner.!



Sleipner Project, Norwegian North Sea (Statoil)	






Geological storage 



198 IPCC Special Report on Carbon dioxide Capture and Storage

early warning that the storage site is not functioning as 
anticipated and implementation of remediation methods to stop 
or control CO2 releases. Methods to accomplish these are being 
developed and tested. 

dealing with CO2 storage, but regulations dealing with oil and 

in many cases be readily adapted and/or adopted. However, 

responsibility for storage. A number of international laws that 
predate any consideration of CO2 storage are relevant to offshore 

do not permit offshore geological storage is under way. 
 There are gaps in our knowledge, such as regional storage-
capacity estimates for many parts of the world. Similarly, better 
estimation of leakage rates, improved cost data, better intervention 
and remediation options, more pilot and demonstration projects 
and clarity on the issue of long-term stewardship all require 
consideration. Despite the fact that more work is needed to 
improve technologies and decrease uncertainty, there appear to 
be no insurmountable technical barriers to an increased uptake 
of geological storage as an effective mitigation option.

Figuur 5.1

Figure 5.1  Location of sites where activities relevant to CO2 storage are planned or under way.

Figure 5.2  Variation of CO2 density with depth, assuming hydrostatic 
pressure and a geothermal gradient of 25°C km–1 from 15°C at the 
surface (based on the density data of Angus et al., 1973). Carbon 
dioxide density increases rapidly at approximately 800 m depth, when 
the CO2 reaches a supercritical state. Cubes represent the relative 
volume occupied by the CO2 and down to 800 m, this volume can be 
seen to dramatically decrease with depth. At depths below 1.5 km, the 





2012 California CCS Coalition	








After injection, carbon dioxide is remarkably immobile, 
trapped in the geological formation by three mechanisms:	


1) Structural trapping – confinement by impermeable 
layers (usually shale)	


2) Residual trapping (capillary trapping) – immobility 
caused by interactions with the walls of the pore spaces	


3) Solubility trapping – dissolution of CO2 in the brine, 
creating a CO2-saturated solution that is denser than 
either supercritical CO2 or the original bring.	




Chapter 5: Underground geological storage 207

Figure 5.7  Radial simulations of CO2 injection into a homogeneous formation 100 m thick, at a depth of 1 km, where the pressure is 10 MPa and 
the temperature is 40°C. The injection rate is 1 MtCO2 yr-1 for 20 years, the horizontal permeability is 10 –13 m2 (approximately 100 mD) and the 
vertical permeability is one-tenth of that. The residual CO2

2 
in the aqueous phase (after Ennis-King and Paterson, 2003).

Figure 5.8  Simulation of 50 years of injection of CO2 into the base of a saline formation. Capillary forces trap CO2 in the pore spaces of 
sedimentary rocks. (a) After the 50-year injection period, most CO2 is still mobile, driven upwards by buoyancy forces. (b) After 1000 years, 

2 and much is trapped as residual CO2 saturation or dissolved in brine (not shown). 
Little CO2 is mobile and all CO2 is contained within the aquifer (after Kumar et al., 2005).
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Figure 16  Reef Ridge Shale Isochore Map in the Vicinity of the  
 
The second important characteristic is the thickness of the reef Ridge Shale.  
Throughout the area planned for the entire 20+ year injection period, the Reef Ridge 
Shale is very thick, ranging from 750+ to 1,400 feet thick over the injection zones in 
the NWS and 31S structures (refer to Figure 16). 
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Figure 19 - View of Stevens Cross Section Showing Spill Point and Free Water Level  
 

3.3.8 Dissolution of CO! into Formation Fluid and Subsequent Migration 
 
The reservoir simulation indicates that only a small percentage of injected CO2 will 
dissolve into the formation fluids over time.  Still, some academic studies suggest that 
this dissolution could lead to potential leakage. Under this theory, brine saturated with 
CO2 may be heavier than brine which is not saturated with CO2.  Over time, CO2 
saturated brine could sink down the anticline and be carried in to a location with 
different pressures. From there, the release of pressure would allow the dissolved CO2 
to come out of dissolution and be released out of the formation fluid in an area where 
there is not an overlying physical barrier.   
 
Based on a review of existing data and the preliminary results from the full-field 
simulation model showing that only a small fraction of injected CO2 is dissolved in 
formation fluids, OEHI calculates that risk of migration of formation fluids containing 
dissolved CO2 is insignificant and that this is a very unlikely pathway for leakage to the 
surface from the Stevens reservoirs.  As previously discussed, overfill through lateral 
spill points is highly unlikely.  Furthermore, evidence suggests that the formation fluid 
in the anticlinal structures is isolated either by the compression faults that formed them 
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What about old wells that puncture the Ridge Reef shale?	


1)  Old wells have all been sealed.	


2)  Data collected during oil extraction above and below 
the Reef Ridge shale demonstrates that these old wells 
do not provide pathways for significant leakage of 
CO2.	


3)  The presence of large quantities of methane (natural 
gas) below the Reef Ridge Shale is also very strong 
evidence that leakage cannot occur.	




CONCLUSIONS	


Enhanced oil recovery (EOR) is an excellent way to provide 
long-term geologic storage of CO2 at low cost, in advance of 
an economic or regulatory incentive that makes non-EOR 
CO2 injection feasible.	


The CO2 injected into a geologic formation is usually in a 
supercritical state, behaving more like oil than like gas.	


The specific geology in the Elk Hills oil field is ideally 
suited for long-term (permanent) storage of CO2 as the 
injection target is relatively deep, with an excellent seal 
(Reef Ridge shale), and with extensive knowledge of the 
subsurface geology.  	



